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HIGR safety research at the Los Alamos National Laboratory

This paper summarizes activities undertaken at the Los Alaior National Laboratory as part of the
High-Temperature Gas-Cooled Reactor (HTGR) Safecy Research Program sponsored by the US Nuclear

Regulatory Commiamion.
areas are described.

Technical accomplishments ard aralyels capabilities in slx broad-based task
These tasks are: Fission-Product Technology, Prirary-Coolant Tmpurities,

Structural Investigations, Safety Instrumentatinn and Control Systems, Accldent Dellneatlon, and

Phenomena Modeling and Systems Analysis.

INTRODUCTION

l. The Lous Alamos National Laboratory has been
conducting a broad program of research in High-
Temperature Gas-Cooled Reactor (HTGR) mafe'y
technology slnce March 1974. This work has been
performed under the auspices of the US Nuclear
Regulatory Commimmslion, Offlce of Nuclenr
Regulatory Research (NRC/RES). The program
scope and level of effort have varled widely
over the yedrs. At the ooigat of the progras
the Los Alamos effort Included the following

ma jor task areas:

A. Flonsion=Product Technology,

B.  Primary=Conlant Impurities,

C. Structural Investi{gatione,

n Safety Instremetation and Control Systems,
E. Accldent Deifneation, avd

Fo  TPhenomena Modeling and Systems Annlysiw.

2. At the Leglaning of 1975, 28 Los Alamon
staff memburs worked efther full or vart time on
the HTGR Satety Ramearch Program. In mid 1975,
the General Avtomie Company (GA) withidrew from
the commercial market, which removed the
{mmediate l{cenning premsure from (he NRC. In
the following years, our task schodulen were
modified, some aukn were termineted, and others
were reduced Iu meopes The progeam cutbackn
were enfgned to allow a continuing 1 vel of
effart on those takks conkidercd most Important
by the Laboratory and by the NHC.  Approdimnte
levels of effort by yvear can be found (n

Table 1.

Te Some tanks were terminnted before any wipg-
niff ant new knowledpe or civahllitien conld be
developed; the mudden term!naclon of other tasks
provented the complete dociientat fon or analynins
of preiiminary reaultn. towever, many of the
pereanme !l ovigianlly asmigned to the program are
atlll with the Labaratory and mich of the exp:r-
Imental equipment fa wt!'ll availatle.

Ay Mitw repurt e a mmmary of *he work donn at
Lon Alamon in the above tank arean from March
1974 through wtd 1982, Durfap the pertod from
March 1974 through Soptember 1974, progress waw

lable 1. Approximate task levei of effort by
year in full-time ataff-member equivalents

Yeor TaskA TaskH 1awkC TavkD Taskl Taskf Totul

1974 ) t 4 '6
195 6 5 [ 3 1 4 25
1976 4 3 5 2 1 3 14
1927 3 2 4 1 4 14
1974 2 4 1 5 12
1y 3 1 4
ly8o 2 1 h
1981 3 2 n
1982 0.5 2.5 2 5

reported {(n inforanl monthly lertur reports.
Task acceaplishments gince October 1974 have
hecn reported in published suarterly progress
reporta. A bibliography of the more than 80 Lom
Alanod HTGR mafety publications can be found In
Ref. 1. The reader desiring additfonal Infor-
mation on toples dipcuaned in this paper can
obtuin apecific repor & from the Lom Alaune
Nat:ional Laboratory.

5. The firat undertaking was the joint develop-
ment by the Low Alamos Nitional Laboratory, the
Brookhaven Natfonal Lahoratory (BNL), and the
NRC of a comprehennive long-range plan for
performing HTGR wnlety-related remearch. Thin
unpublinhed plan mpecified those arean of HTGR
technology wiere addit lonal {(nformation wan
deened necennary to anmure that HTGRe could he
designed, conatructed, and operated wafely. The
plan covered bath phenomenvlogiceal remearch and
anfety-rolated analytical remearch (thia plan
recontly han bheen updated in draft form by the
NRC/RES).

b Phenomenological rescarch needs vere divided
into five arvant Flaston-I'roduct Releane and
Transport, Primary=-Coolant lmpurities, Rapid
Graphite Oxldation, Structural ¥Yyaluation, aud
Safely Inntrumentation and Control. Hafetly-
related analytical remearch needn were divided
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into three areas: Accident Delineation,
Probabilistic Analyeis, and Phenomena Modeling
and Systems Analysis. Each of these research
areas had one or more associated tasks for which
the plan specified objectives, the existing
atate of the art, program scope, subtasks and
schedules, and task relationships to other
program elements. The six management task areas
»f the Loa Alamos HTGR Safety Research Program
touched on all eight areas of the long-range
plan. The summary of taske and accomplishments
in the following sections discueses the
relattionship of the work done at Los Alamos to
the tasks in the long-range plan. The summary
alao enumerates accomplishments, and discusses
task completion status and lessons learred.

FISSION PRODUCT TECHNOQLOGY

7. The Los Alamos task in Fission Product Tech-
nology included hoth experimental and
theoretical studies of fission-product release,
tranaport aud deposition for HTGR normal
rperation and accident sequences. The research
concentrated on the development of computer
codes to calculate fission-product dlstribution
and transport {n the core structure,
fissfon=produrt distribution in the coolant
circuit, an! {ission-product transport in the
containment buildicg and in the atmosphere, and
on an experimental Investigntion of coated
fricl=partlcle fallure and release rates. These
areas covered oll the subtoplesa of the original
lorg=-range plan for Flssfon-Product Release and
Transport research.

8. The Los Alamos task began In late 1974 and
wiab terminated at the end of 197b.  The funding
was suflicient to conduct several experlments
and calculations, and to develop deveral udeful
computer codou.

Code development

9. Computer codes (AYERM, LARC, LARC-2) were
developed to predliet the tilme=dependent fuel
fallure and subsequeat release of volatile
fisnton products from an HIGR during core heatup
events.  The LEAF code wad developed to caleu=
late finwuton-proaduct release frum a renctor
contafnment buliding. Multicomponent time-
dependent In=core diffuslon with radlionctive
decay could b analyrzed by the DASH code.  An
addlt Conal eode, nemed SUVIUS, wa- developed to
caleulate HIGR primary=coolant cfrculating
nctivity and the plateout of volatlle nucliden
on cold surtucen.

10, The coden ment Laned above can be abtained
from the BNL IITGR Satety Code Library. They are
modular and addittonal phenomenn and compenent
modeln can be tnclnded easily.  ‘These codenr
facorporiute exiuting tuel modeln, temperature
vulimaien, publlahed tHlter efflelenclen, and wo
forth, and allow the uker to perform simple
calvalations to vertty and underctand the mich
move extensnfve caloulat fonn of the HTGR vendor.

Expeitmental atudlon

11 An expetimental swtudy of the taflure

mtatt tlen of {frradfated, conted fuel particloen
wad perforneds Fuel=partlele fallure wan

induced by thermal ramping from room temperature
to high temperatures and detected by measuring
85kr release. The data suggested that the TRISO
particles failed inctantaneously and completely
at high temperaturea. However, fission-product
release from failed BISO particles 2ppeared tc
be diffusion-controlled beginning at lower
temperatures. A simple method for caiculating
the time-dependent fuel-particle survival
fraction was developed with appropriate empir
ical constants.

12. The question was examined of whether metals
could be transported in the vapor phase by
unstable compounds such &8s metal carbonvls. The
mai{n conclusions were that a metal carbonyl
could bc formed within the fuel particle lLut
*hat transyoit out of the fuel particles was
unllkely.

13, In 1982, a task was begun for the NRC
Office of Nuclear Reactor Regulation (NRC/NRR)
to evaluate Fort St. Vrain (FSV) Niclear
Generating Station plateout probe data. A task
to examine the most recent NRC fuel-failure
model (NUREG=0111) in light of current data from
FSV and other experiments is belng considered
for '983.

PRIMARY COOLANT IMPURITIES

l4. The Los Alamos research in Primary Coolant
Impurities wau dlvided between code development
and study of impurity reactions with graphice
and metalllc components. The long-range ohjec-
tive was to obtaln ar understanding of chemlcal
reactions between primary=coolant fmpurltles and
the varfous materials in the primary-coolant
clrcuit. The {mpuritles consldered were uwteam;
alvry the products of veactions of these
fmpurlties with graphite such as hydrogen,
carbon monoxide, carbon dioxide, and methane;
and fi{sslon products. The program concentrated
on the development of o compuler code for the
annlysin of (hemiceal reactions between graphite
and flowling gawes, experimental studlies of
react fons becween fmpure helfum and gruphlte or
alloy ntructural materlals, and developmen: of
codes for the calenlation of complex chemfcal
kinetfcs uand equiitbria. The task began Ln 1.9
and was termlnated (0o 1977.

Code deve Lopane nl

15, Mhe most slgntficant accuaplishment tn the
code development aren was the development of the
CULL and QULIG codess QUIL calculnten complex
chem! “al thormodynamic equidtbria; QUIC, a rate
code, calculates the time dependency of chemlenl
reactioune The apprupriate rate equations and
rate conntaite tor a lmfted number of HTGR
primary-coolant {mpurity reactfons were pro-
grammed intH QUIC.  ‘The temperature at which a
reanct fon occurs could be varfed with time. A
eyelle tempare ure mode nlro could be used to
aimulate the tomperature variatfone of the
primary coo'ant as {t flowed around the WTGR
primacy looy. Code thermodynamic data for
selected garn fmpuritisa {n the primary coolant
of an WIER dere enllected from the HHteratue
and were aupplemented by caleviationn.
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16. These codes (available from the BNL HTGR
Salery Code Library) can analyze many HTGR
chemistry prublems and could be applied to
recent quastions regarding the chenical behavior
of radiciodine in HTGR accidents. Because the
rat. eruations and rate constants are not kiown
for many of the chemical reactions expected to
occur in the primary loop of the ATGR, the
equilibrium code QUIL must be used for much of
the analysis. QUIC and QUIL operate
symbiotically. QUIC is used for those chemical
reactions for which the rate equations and rate
constants are known and QUIL is used for Iinstan-
ces where the rate equations or the rate
constants are unknown.

Coolant impurity reactions ' Lth Structures

17. Literature surveys and small-scale
experiments were used to obtain information on
reactions between coolant impurities and
structural materials. Some analyses also were
performed. Major emphasis was placed on the
reactlons between fission products and
structural alloys. Chemical reactions can
produce volatile compounds and result in the
rrlective vapor transport of alloying elcmenta.
They also may form condensed phases wlith
resultant penetration and diffusion of {imafon
products through the alloys. Carbor/water
equilibria in NITGRs also were annly:zed.

STRUCTURAL TNVESTIGATIONS

18, The Low Alamos Structural Tnvestigatlona
rencarch concentrated on core selemic behavior,
prestressed concrete reactor vessoel (PCRV)
analys{s, and graphite component stress
annlysis. A fourtih area evolved in the later
stages ot the program and applied technlques
that had been developed previousyly to structural
safety questione arlsing at FSV.  Although the
original program plen formulated by Los Alamos,
BNL, and the NRC coverc! many faceta of the
structura' evaluacton «f wprcific HTGR conr
ponents for deswlge ad quacy and margin of
anfety, the program evolved over the years to n
conkiderat {on of generice imwues (for example,
valldlity of scaling laws for sefsmic core
behavior and development of & code for
wtrucvural analywin of arbitrary concrete
contalnments) or to Iovest lgation of operational
and mafuty problems. This ongolng task began {n
Inte 1974,

19, The Structural Investigations Lank at Low
Almnor haw addrersed weveral important generte
swilety fanuen. Signlffcant analysiw
capnbilities have been deve loped and several
fmportant requltn have been obtained.

Core melam'c behavior

20, Scaling laww for the welsmic behavior of an
HTGR block ¢ore were derived and vertfied by a
nevtion of aetmmic experiments ot {ncreasing
complexity uring the White Sande Miuntle Range
Sefaml : Stmulatore  In particular, the GA
uelumic tewt of o 1/S%=acale graphite core model
wan rhown to be conmervative (that tu, forcen
mearursd during the setumie teuting of the model
wore greater than the foreem that would exint in

a full-scale core with the same peak input
seismic acceleration.)

!« Another effort was an investigation of the
torsional seismic behavior of the core usirg an
analytical model to describe its three-
dimenslonal seismic response. Because this was
an extremely large and complex problem with only
a modest chance of golution evun with large
computera, the task was terminated when it
appeared that the program was destined for only
conatant or perhaps reduced funding.

22. As part of the HTGR seilepmic program, a Los
Alamos stalf member was assigned ducing 1973 to
the Japanese Atomic Energy Research Institute
(JAERI) at Tokai-Mura in Japan to participate in
and observe Japanese ~=ismic tests on Very-High-
Temperature Reactor (VHTR) core models. This
interaction proved to be extremely useful In
providing the NRC and the Los Alamos Natiovnal
Laboratory with infor/mation on the Japanene
testing program.

PCRV analysis
23, A fin'te-elenent code (NONSAP-C) for the

structural analysss of ICRVs under sgtatic,
dynamic, and long-term loads (uhere creep is the
main lague) was developed, verified on tent
problems, documented, ari distributed.

Extensive verification p wblems have heen run . .
check NONSAP-C ‘n all ¢t its operating modes
(utatic, dynamic, and . ag-term creep).

24. For future problcms related to PCRV
structural belavior, the NONSAF-C code will
nrovides a Atate-ol=the-art capabllity that
cennot be supplied by other structural analysis
codes. Although other finfte-element codes (for
examnle, ADINA and MARC) have been applied to
the analysis of concrete Blitucturen, the
NONSAP-C code {ms unique {n that {t contains a
var{cety of constitutive laws and an extenaive
clemeat library. No other US code possearen &
hree=dlmenslonal, aring-viscoelastic-creep
constitutive model. 'The multinode tendon
clement In NOXSAP=C'm clement library also e
nufque.  The membrane clemeat differs from the
usual two=dimensional element fn that Itn
widffueny matrix iy derived directly from the
equat fons of elamticity {n general curvilinear
coordlnaten.

2%  Finnlly, a rellabtitty analval procedure
han heen developed for PCRVe that uses i(arge
computer enden for wtreagth sndlysin.

Graphite component siress analymex

20, Stress analymes have becn performcd for
HTGR core=support columna under varfoum ntatic
loadtng conditionm. Cracked cove-mupport pomta
were oxam nea hoth analytically (that ts, using
fracture wechanlen theory) and using a finfte-
element modol.  For whallow cracks, both methods
Rove anproximately the same resultn.

2)¢ A program 1e under way te develop demign
me’ hodu and fallure critertn for graphite
ntrwstured that take secondary (therwal)
rtrownen Into account.
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FSV technical assistance

Z8. Procedures developed in the HTGR Safety
Research Program have been applied to structural
safety questions arising at the F3V station.
These investigations have been wholly or
partially supported by NRC/NRR.

29, During 1979 the mechanical aspects of the
FSV fluctuation problem were investigeted.
Specific topics included a determina.ion of the
energy involved in ~ore-block collisions and the
maxim:m forces that could be transaitted to the
missive PCRV from colliding blocks and columna.
Instrumentatiion was specified that could
identify the causes and consequences of the
fluctuation. Also, a study was made of the
effect of the reglomconstraint devices on the
sclgmic bhehavior of the core.

30. Durlng 1980 most of the .V technical
assistance was directed at the iavestigation of
the thermal stresues developed in the
core-gupport blocks during th. ilr-=water
cooldown accident. In 1981, the major focus was
the Investigation of thermal anomalles at the
liner-core interfsce and thelir effect on PCRV
cree,. and shrinkage-

SAFETY INSTRUMENTATION AND CONTROL SYSTEMS

31. The Los Alamos Safety .nstrumentation and
Control Systems research concentrated on the
evaluatten and development of temperature
yensors and coolant {mpoarity monitors. The
long-tunge objectlve was to evaluate and develop
the tastruments, techniques, and contrul systems
necessary Lo assure the safety of HTGR operation
during normal, upset, and accldent conditions.
In addition to the Lom Alamos tawk areas, the
long=range plan called for research on fatled
fuel detection and location, post-accident
monitoring systems development, nolwe analynis
aud dynemic testing, and dota acquisition and
processing aystems development. It also called
for vewcarch Into plant control aydatems, lnman
factors englneering, and plant slmulators.e The
tank hegan in 1975 and was terminated in 1976,

Temperature aennors

32, The eoffects of ‘he thermal, mechanical, and
vadiatlon envivomment on variosun thermocouple
Junct tons, leadn, fusulation, and sheaths weir
examined. armocouple frradiatfon data were
rawviowed to characterize the potential for
dimennlonnl changen and decaltbratfon. Menmure-
ment errvors caused by gamma heatlng of the
thermocoupte wore ahown .o be Inslpgnlficant,
When the tank wan p' ined out, it wam not clear
that Chvomel=Alumel thermocouples could meet the
aperat ing goal of 10 000 h at temperatures to
102V and neutron fluences to B x 1041 nvt
(E>OLIH MoV and 8 x 1970wt (thermanl).

Yo A preltminary fnvestigation {nto tne uses of
kryptonaten for nnximim temperature deteormin-
atton war made. A kvyptonate {n formed when
raddor fve "'Kr (e diifused tnto graphitos or
unlfdn and tn atablifrads Thene wolidn then are
pub fected to a thermal environment.  Following
Lhip exposure, the kryptonate im thermally
annedaled and krypton releare or retention e
menauted arn A function of time and anaeal fug

temperature, allowing the {nference of the
maximum temperature ro which the solid had been
exposed. When this task was terminated, the
auitability of using “tryptonates as passive,
maximum- temperature recorders in HTGRs hud not
yet been determined.

Coolant impurity monitors

34, A coolart impurity monitor based on the
emissions of ercited molecules produced 1.
energy-ransfer collis!ons betwcen impurities
ard metastable helium atoms was designed, built,
and tested at FSV. The Afterglow Helium Monitor
measured concentrations of water, carbon
monoxide, carbon dioxide, nitrogen, oxygen, and
hydrogen. Tents at FSV -howed the device could
determine !mpurity concentrations in the low-ppm
range. The lower detection lmit was ~C.1 ppm
for carbon dioxide and hydrogen; ~1.0 ppm for
methane, nitrogen, ard carbon monoxjde; and

~10 ppm for o ien.

35. The possibility of using the '®0(n,p)'®N
reaction to detect molsture {n HTGR coolant was
examined. The isotope 1N decays with a 7,1-s
half life, producing a dominant 6.13-MeV pamma.
It appeured feaslble to use this taclhinique to
detect rapid changes in moisturce concerntratior,
with a lowe: detection limit of ~2 prm.

36. Althouph the Los Alamos cffort was
terminateu, the completed work demsnstrated that
Lhr Laboratory can design and fabricate
innovative instruments.

ACCIDENT DELLNYATION

37. The Los Alamos effort on Accldent Delilnen~
tion began as u rataloglug and classilying
exercise but eventually produced an independent
probabllistic rimk assessment of a large HTGR.
The objective dencribed in the long=range plan
was to justify and improve the methods uked for
Identifying accident sequences. A& formal ustl-
ficatlon of the compleiencan of the wmeguence net
produced wan deemed necessary.

JB.  One staff member was awgigned to this Lasy
from early 1975 through mid 1978, Thix task
built upon the methodolopy of the Reactor Safery
Stily (WASH=1400) . Conueguence modela were umed
to Jelineute thows parameters that are fmportant
{n the calculation of acvtdent consequences.
Event (rees (unlque acetdent nequencen) we:
determined by fdentifylug thore connequence-
model parametern that could be deneribed by
probab ity density tunctfons.  Fault=traoe
methadology was umed to tr.ce evenl Rogquencen
back Lo pousible inttiating conditionn,

39, ne fnnovatton Jun the Lon Alamon wtudy
altowed not only a branch Tor elther complete
wucesar or complete fatlore but also allooed o

braunch for partial fallure. A smignificance tent
uning latent=harard indicen wan dovelaoped.

Thene Iateat-harard indlcen quantify whe
relative poteanttal of the vartoun radtonue Hdes
for producing latent fatalitien {n the exponed
populattone  Thin parameler waz deaigned to
entablinh the relative fmportance of poamible
acceldontn and aceldent wogquencen and to provide
a baule for welecting the mont important
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sequences for detalled analysis. A report
describing the detailed mathodology was pub-
lished that discuased application of the methods
to a reference-denign large HTGR and the differ-
ences between and similarities to the vendor—
produced Accident lnitiation and Progression
Analysis (AIPA) study.

40. The Loo Alamos study used the data base
developed in the Reactor Safety Study. The AIPA
atudy used a different data base, leading ‘*o
different branch probabilities. The Los Alamos
study ~onsldered event trecs leading to
core~heatnp accidents, whereas the AIPA study
considered s; cific initiating conditions. This
difference ir approach resulted in event
wequences with dissimilar branches. Conse-
quently, peint estimates of the branch
probabilities are not comparable.

PHENOMENA MODELING AND SYSTEMS ANALYSIS

41. The Los Alamas Phenomena Modeling and
Systems Analysls research concentrated on HTGR
neutronic analysis and systems code development.
The original long-range objective was to prov.de
basic data on the physical, chemicai, and
nuclear processes involved in accident
sequencesds Over the years the program evolved
toward the development of a generic HTGR
whule=plant systems .nnlysis code and the
application ot that code to the simulation ot
the FSV station. Thiw ongoilng task began in
1974.

Neutronle annlysis
42, A large cffort {n the early part of the
prugrau iuvolved the calculation of the
anfety-retated neutronlic characterlatics of the
Fulton Generating Station (FG§) HTCR. Thease
calevlations were performed using codes and
trossssection Jibrarion that were devel ped
Independent of the BrGR vendor, whenever
poralble.

43, Extennive colculations were performed to
determine the safety=related neutronie charace-
teriaticm of the FGS infttal core.  Tuo=
atmetrional matet tal-worth distvibutfonm were
computed for n large RTGR.  Isothermal
temperature coefficlents were computed for
conditions av the eud=of=eyullibrium cyrle
(LOEC).  Burnup calceulations wore performed to
detecmine the average fuel, actinide, aud
tunlon product concentrations at vartouws poiatm
v the tuet cveles  Separate fuel, moderator,
and reflector tempenture conflfictlentn were

caleulated for BORC conditfonn.  Uther
caleulat tona tneluded 1he of fectn of burnable

y 1
poluon, contre! rode, xenon, wamarium, and 240

on the teothernal rempeoacure coelficlent.
Addttlonal caleoatlons were porformed to
dotermtne contval srod wortha, the 1enccivity
chanpe cunced by core=mupport-poat fallure and
mubaeguent ventra! refueling reglon collapee
and aedt ron=kinet (on parconvterns Miin subtask
wan terwinated o 97/,

H)’Htl‘lhl‘l code !
hhy e ot
deve lop

Sment
ive «t the uyatemm code
cltart cam to develop, verify, and
ply gam=cooled=rea tor whole-plant dynamte-

simulation computer programs for the analysis of
system transients and accldents. The initial
code developed was the Composite HTGR Analysis
Program (CHAP-1). This code contained models
for most of the major components and associated
controls for a 3000~MW(t) HTGR power plant. It
wag based on the Los Alamos-developed Transient
and Frequency (TAF) code.

45, The current version of the code, CHAP-2, is
written in standard JRTRAN and has many
iuprovements both in the simulation maiuframe
and in the generic HTGR models. CHAP-2 models
both the large HTGR and the FSV station. The
CHAP-2 code contains simulation modele for the
thermal, hydraulic, and neutronic behavior, and
control and plant-protective actions of an
entire HTGR generating station. The code can
simulate a wide range of system transients and
acclidents with no change in coding. The plant
model, initiating events, and subsequent system
failures or modifying events can be spccified
through input. Operator intervention can be
slmulated when the code is executed in an {nter-
active mnode.

46. Approximate numerical solutions to model
differential equations are provided by the Los
Alnmous System ‘nalysis (LASAN) Code. The model-
dependent portion of CHAP-2 provides LASAN with
system time derivatives . transfer functions
and state varjable limite. LASAN can provide
steady-state, trundlent, and frequency-response
solutions, LASAN methods are robuat and
well=protected. The code can explore time
reverribly, allowing efficicnt selection of the
transient time gtep. It Also can handle
nonlinearitles wuch ak thome asvsoclated with
controllc. deadbands. The 1LASAN code has been
thoroughly tedted and documented. Comments from
an carller INL review of CHAP and LASAN have
been adArean d In the current versfons of these
codess  CHAP-  and LASAN will be reieamed at the
end of 19YH2. CUHAP-2 aud LASAN are already
running At a mmber of {ratallationa in the US
AR well aW {n the the Fedeval Republic of
Germany.

s CHAP=2 modele for the peopomed HTGR lead
plant are being developed using the generic
component models already {n the code. LASAN and
the CHAP-2 methodology have potential
applications to other nu-lear, foanll, or
alternat lve snergy syntems. Any process or
wyRtem Wwhowo time remponse cun he demcribed hy
coupled Hirut=order, nonlinem, ordinary
differentfal equatfonn can be wimulated uming
thene techniquen,

CONCLUSTONS

48 e HTGR Safuty Hewearch Program at the Los
Alamos Natfonal Latorstory began {n 1974 with
nix broad=baaed tanke: Flanfon-Product Technol -
opy, I'rimary-Coolant tmpurftien, Sttuctural In-
vert igat loum, Saicry Inmtrumentation and Control
Syntems, Acident Delineatton, and Phenomena
Hode Ling and Sysiems Analyate,  Tank activitien
tacluded havdware developnent ae well an
sxpelrimental and analvtical work, The overall
prograa coverad the apectrim of dn"sty lumuen
that arome * -om the tntvoduetion of a new
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commercial reactor type. The uncertainty ubou.
the continued development of HTGRs after mid
1975 resulted in the termination or delay of
many of the original taska. Even with the
reduced level of effort, significan. HTGR
analysls capabilities a'd technical expertise
have been developed. In addition to the
specific capahilities for HTGR analysis and
safety resear:h described in this paper, the Lor
Alauwos National Laboratory has tha ability to
develop major computer codes and to design,
build and test prototype devices, special
equipment, and advanced instrumentation.
Existing Laboratory experimental facilitics
(suc’ an the high-pressure gas—handling and

graphite~heating facility dcveloped four the
nuclear rocket program and later used for US
Department of Energy gas-cooled fast-reactor
experiments) are suitable for YTGR safety
research programs. It is our hope that the US
will continue tnu development of ges~cooled
reactors and that the technologica and staff
resources of the Los Alamos National Laboratory
can contribute to this development.
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